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PRELIMINARY MENDMENT 

Sir: 

Please amend the above-identified application as follows: 

In the Specification : 

Before the first line of the specification, add the following: 
REFERENCE TO RELATED APPLICATIONS 
This application is a national phase application under 35 U.S.C. 371 of PCT/CA99/00917." 

REMARKS/ARG UMENTS 

The specification has been amended on page 1 to reflect that this application is a U.S. 
National Phase filing under 35 U.S.C. 371 of PCT/CA99/00917. 

Attached hereto is a marked-up version of the changes made to the specification and 
claims by the current amendment. The attached page is captioned " Version w ith markings to show 
changes made ." 

Respectfully submitted, 

Lju l 

Michael I. Stewart 
Reg. No. 24,973 

Toronto, Ontario, Canada 

(416) 595-1155 

FAX No. (416) 595-1163 



Appl. No. National Phase of PCT/CA99/00917 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

In the Specification: 

Paragraph beginning at line 3 of page 1 has been amended as follows: 
REFERENCE TO RELATED APPLICATIONS 

This application is a national phase application under 35 U.S.C. 371 of 

PCT/CA99/00917. 
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TITLE OF TKB INVENTION ^fft-i3 v ~" 
QUANTITATION OF RNA _ 

FIELD OF INVENTION 
The present invention relates to the quantitation 
5 of RNA present in tissue, thereby permitting analysis, 
for example, of rare transcript expression in cells. 
BACKGROUND OF THE INVENTION 
It is known in the art how to amplify DNA by 
polymerase chain reaction (PCR) . It has also been 
10 shown that mRNA can be transcribed into DNA templates 
and then amplified by PCR in a method known as RT-PCR. 
The limitation of existing RT-PCR methods is that some 
very rare transcripts {mRNAs ) are unable to be 
amplified in the RT and subsequent PCR portion of the 
15 existing methods. It would be a great benefit in the 
analysis of subtle changes in the expression levels of 
certain genes, for example, cytokine genes in non- 
lymphode tissue, to be able to not only to detect but 
quantify the levels of these transcripts after 
2 0 treatment of the host. 

Previously RT-PCR was performed in two distinct 
steps. This involved the reverse transcriptase step in 
which mRNA was transcribed into DNA mediated by the 
enzyme reverse transcriptase. This enzyme is heat 
2 5 labile so the temperature at which cDNA synthesis was 
effected had to be within a limited temperature range. 
The next step involved destroying the activity of the 
RT by heat-inactivation and then adding the DNA 
polymerase (PCR step) to initiate the amplification 
30 step. 

By using a recombinant Thermus thermophilics (rTth) 
enzyme that possesses both RT activity and DNA 
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polymerase activity, in the presence of manganese one 
can reduce and simplify the RT-PCR method to a one- 
enzyme procedure. Also, using a heat -stable enzyme 
such as, rTth, one can increase the annealing 
5 temperature during the RT stage to reduce the non- 
specific cDNA generated through non-specific priming, 
ensuring only the target RNA sequence is transcribed 
into DNA. This then greatly increases the ability to 
amplify the target DNA in the next step, the PCR 

10 reaction. 

Methods of isolating RNA are known, for example 
Graham et al . , (Ref. 1 - various references are 
referred to in parenthesis to more fully describe the 
state of the art to which this invention pertains. Full 

15 bibliographic information for each citation is found at 
the end of the specification, immediately preceding the 
claims. The disclosure of these references are hereby 
incorporated by reference into the present disclosure) . 
The yields from these methods tend to be very low. 

20 When the desired target is a very rare message, these 
types of isolation procedures do not yield enough total 
RNA to detect the very rare message. Therefore, it is 
desirable to improve the yield of the total RNA from 
various tissue samples so the rare messages are 

25 represented. In addition, if the yields of RNA from 
certain tissues, for example, lungs, are increased, 
this reduces the need to pool several samples from 
different animals, thereby reducing the biological 
diversity. This allows the researcher to define what 

30 is happening in a specific animal after treatment. 

To investigate the expression levels of rare 
messages, it is important to extract from the tissue of 



WO 00/20629 PCT/CA99/00917 

3 

interest enough intact total message to enable 
amplification and quantitation of these rare messages. 
SUMMARY OF THE INVENTION 
The present invention relates to the determination 
5 of RNA production in cells. By modifying existing 
procedures, the invention permits an accurate 
quantitation of small quantities of RNA, representative 
of rare transcripts in tissues or cells, in particular 
the quantitation of cytokine RNA in mouse lung and 

10 spleen tissue. 

While other methods of quantitative PT-PCR compare 
the final PCR product to the level of expression of an 
endogenous gene or an internal cDNA standard (Refs. 2, 
3, 4), the inventors have designed, in one embodiment 

15 of the present invention, an RNA standard that binds 
the same specific primers and probe as the target 
sequence utilizing a fluorescent tag. This helps 
equalize the efficiency of the large RT-PCR reaction 
for the standard RNA and target mRNA in a sample, which 

20 are sensitive both to changes in template length and 
secondary structure. If these reactions are not 
equivalent, true quantitation cannot be determined. 

In accordance with one aspect of the present 
invention, there is provided a method of determining 

25 the quantity of a target RNA in a tissue sample, which 
comprises isolating the tissue sample from a host; 
isolating total RNA from the tissue sample; subjecting 
the isolated RNA to a reverse transcriptase reaction 
followed by a DNA polymerase amplification reaction 

30 (PCR) using primers corresponding to transcribed 
sequences of the target RNA; binding a labelled 
sequence corresponding to an internal sequence 
complementary to one of the strands of the PCR product 
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of the target RNA; and determining the amount of 
labelled sequence bound to amplified transcribed target 
RNA. 

In another aspect of the present invention, there 
5 is provided a method of quantifying more accurately a 
target RNA in a tissue sample, which comprises 
isolating the tissue sample from a host; isolating 
total RNA from the tissue sample; subjecting the total 
RNA to a reverse transcriptase reaction followed by a 

10 DNA polymerase amplification reaction using primers 
corresponding to transcribed sequences of the target 
RNA; binding a labelled sequence corresponding to an 
internal sequence of the amplified product; and 
determining the amount of bound labelled sequence by 

15 the generation of a detectable label. The detectable 
label may be fluorescence. 

The comparison of the determined amount of bound 
labelled sequence to an RNA standard may be effected by 
regression analysis using the plot. 

2 0 An RNA standard of the number of copies of target 

RNA may be established. The determined amount of bound 
labelled sequence in the sample then may be compared to 
the RNA standard as a measure of the number of copies 
of target RNA in the tissue sample. 

25 The RNA standard employed in this aspect of the 

present invention may be established by synthesizing an 
RNA molecule corresponding to the target RNA; 
quantifying the synthetic RNA molecule; effecting 
serial dilution of said synthetic RNA molecule to 

30 provide a plurality of samples of knov/n starting copy 
number; subjecting the synthetic RNA molecule in each 
sample to a reverse transcriptase reaction followed by 
a DNA polymerase amplification reaction using primers 
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corresponding to transcribed sequences of the synthetic 
RNA molecule and corresponding in sequence to those 
employed during DNA polymerase amplification of the 
transcribed sequence of the target RNA; binding a 
5 labelled sequence corresponding to an internal 
transcribed sequence of the synthetic RNA molecule to 
amplified transcribed synthetic RNA molecule in each 
sample, the labelled internal sequence being the same 
as that used to bind to amplified transcribed target 

10 RNA; determining for each sample the quantity of 
labelled sequence bound to amplified transcribed target 
RNA; and plotting the individual determinations of the 
quantity of labelled sequence in each sample against 
the log of the known starting copy number for each of 

15 the samples to provide a plot. 

The detection step may be effected in one of two 
ways. In one such alternative, the detection step is 
effected by hybridizing the labelled sequence to the 
amplified product following the amplification step, and 

20 including the step of separating bound labelled 
sequence from unbound labelled sequence prior to the 
determination step. The label used in this procedure 
may be radioactive. 

In the other alternative procedure, the detection 

2 5 step is effected by effecting the DNA polymerase 

amplification in the presence of the labelled sequence 
and the determination of the amount of bound labelled 
sequence is effected by detecting the generation of a 
detectable label . The detectable label may be 

3 0 fluorescence. 

Preferably, the reverse transcriptase and DNA 
polymerase amplification reactions (RT-PCR) are both 
carried out using a single enzyme reaction, preferably 
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using Th&rmus Thermophilics enzyme, which may be found 
recombinantly . 

The detection of the fluorescent signal can be 
achieved through the use of a real-time detection 
5 system, such as described in ref 3 . 

The primers used in the DNA polymerase reaction 
may correspond to the 5 1 and 3 ' ends of an internal 
transcribed sequence of the target RNA. 

BRIEF DESCRIPTION OF DRAWINGS 
10 Figure 1 shows a construction scheme for the 

assembly of plasmid pLITMUS - IFN-y ; 

Figure 2 shows the nucleotide sequence for 
pLITMUS-IFN-y (SEQ ID NO. 9); 

Figure 3 shows the nucleotide sequence for the 
15 IFN-y RNA standard { SEQ ID NO. 10); 

Figure 4 shows graphically the RNA standard used 
to determine the quantity of RNA in a sample; 

Figure 5 shows optimization of the PCR cycle for 
single-tube RT-PCR for IL5 (a) , y-IFN(b) and IL4 (c) a 
2 0 total RNA from mouse lungs; and 

Figure 6 shows the quantity of y-IFN determined in 
lung samples taken from mice immunized with PBS (#529, 
550, 551), live RNA (#549, 509) and formalin- 
inactivated RSV (#569) . 

2 5 GENERAL DESCRIPTION OF THB INVENTION 

RNA isolation may be effected in any convenient 
manner as long as there is no contamination of genomic 
DNA which would give a false signal. In one embodiment 
of the invention, RNA isolation is effected by 

3 0 homogenization of the sample tissue in the presence of 

TRIzol Reagent (GIBCO/BRL) , a mono-phasic solution of 
phenol and guanidine isothiocyanate . During sample 
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homogenization or lysis, TRIzol Reagent maintains the 
integrity of the RNA, while disrupting cells and 
dissolving cell components. It is important to 
eliminate any trace organic solvent on the 
5 homogenization probe after washing to prevent the DNA 
migrating from the interphase layer and mixing with RNA 
in the aqueous phase. 

Addition of chloroform to the homogenized sample 
followed by centrifugation, separates the solution into 
10 an organic phase, an interphase layer containing DNA 
and protein contaminants, and an aqueous phase, where 
the RNA is exclusively located. 

After separation of the aqueous phase, the RNA may 
be separated therefrom by precipitation through mixing 
15 with isopropyl alcohol or other suitable alcohol and 
centrifugation. The supernatant is removed and the RNA 
pellet is washed once with ethanol followed by air 
drying the pellet. 

This conventional RNA isolation procedure is 
2 0 improved by washing the homogenization probe between 
samples in the following manner. The probe first is 
washed with sterile water then ethanol and then twice 
with sterile water using wash tubes. The probe is 
wiped off with a sterile wipe both after the initial 
25 and final sterile water wash before proceeding with the 
homogenizing of the first tissue samples. This washing 
operation removes residual ethanol and prevents sample 
carryover which may lead to DNA contamination of the 
final product . 

30 Reverse transcriptase PCR amplification of the RNA 

is next carried out, preferably, via a single enzyme 
reaction using rTth DNA polymerase and appropriate 
primers and probe. The use of such recombinant enzyme 
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permits higher temperatures for RT incubation, which 
leads to the generation of more specific DNA. 

The gene segments amplified from the transcribed 
RNA depend on the target RNA under investigation. For 
5 example, for murine cytokines, the applicants have 
identified the following gene segments: 

Murine 1L-4 : na 249 to 363 (SEQ ID Nos . 1, 2) 
Murine 1L-5: na 336 to 402 (SEQ ID Nos. 3, 4) 
Murine 1L-10: na 401 to 495 (SEQ ID Nos. 5, 
10 6) . 

Murine IFN-y : na 404 to 507 (SEQ ID Nos. 7, 
8) 

Determination of the quantity of RNA in the 
specific tissue sample is possible using any convenient 

15 label or tag, such as the PE ABI 7700 fluorescence 
detection system and Taqman chemistry. The use of a 
fluorescence detection system permits quantitation of 
RNA in tissue down to a level of 100 molecules. 

The determination of the quantity of RNA in the 

2 0 sample is effected, in one embodiment, using an RNA 
standard, as described above. By first developing a 
plot of the relationship of the quantity of label to 
the number of copies of a target RNA in a sample, the 
unknown quantity of RNA in a given sample can be 

25 determined by reading off the value from the plot. The 
same primers and probe are used both in the development 
of the standard and in a sample determination to ensure 
an accurate measure of target RNA in the sample. 

The procedure of the present invention enables an 

30 improved yield and purity of RNA to be obtained in 
comparison to published data, such as in the Graham et 
al reference referred to above. Rather than tissue 
from two mice being necessary to obtain sufficient RNA 
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for amplification, individual mice can be analyzed and 
at least over 200 assays are possible for each RNA 
sample . 

Whole tissue is analyzed as opposed to RNA 
5 extracted from selected cells, as described in Waris et 
al . above . 

SEQUENCES 

Mouse IL-4 sequence (sense strand (SEQ ID No: 1) with 
anti-sense (SEQ ID No : 2} below) : 

10 CGTCCTCACA GCAACGAAGA ACACCACAGA GAGTGAGCTC GTCTGTAGGG CTTCCAAGGT 60 

GCTTCGCATA TTTTATTTAA AACATGGGAA AACTCCATGC TTGAAGAAGA ACTCT 115 
- SEQ ID No. 1 

GCAGGAGTGT CGTTGCTTCT TGTGGTGTCT CTCACTCGAG CAGACATCCC GAAGGTTCCA 6 0 

CGAAGCGTAT AAAATAAATT TTGTACCCTT TTGAGGTACG AACTTCTTCT TGAGA 115 
15 - SEQ ID NO. 2 

Mouse 1L-5 sequence (sense (SEQ ID No : 3) with anti- 

sense (SEQ ID No : 4) below) : 

ACCGCCAAAA AGAGAAGTGT GGCGAGGAGA GACGGAGGAC GAGGCAGTTC CTGGATTACC 60 

TGCAAGA - SEQ ID No: 3 67 

2 0 TGGCGGTTTT TCTCTTCACA CCGCTCCTCT CTGCCTCCTG CTCCGTCAAG GACCTAATGG 60 
ACGTTCT - SEQ ID No: 4 57 

Mouse I L-10 sequence (sense strand (SEQ ID No: 5) with 
anti-sense (SEQ ID No: 6) below) . 

TGAATTCCCT GGGTGAGAAG CTGA^GACCC TCAGGATGCG GCTGAGGCGC TGTCATCGAT 60 

2 5 TTCTCCCCTG TGAAAATAAG AGCAAGGCAG TGGAG - SEQ ID No. : 5 95 

ACTTAAGGGA CCCACTCTTC GACTTCTGGG AGTCCTACGC CGACTCCGCG ACAGTAGCTA 6 0 

AAGAGGGGAC ACTTTTATTC TCGTTCCGTC ACCTC - SEQ ID No. : 6 95 



Mouse interf er on-gamma mRNA sequence (sense strand (SEQ 
ID No: 7) and anti -sense (SEQ ID No: 8) below) : 
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CATTCATGAG TATTGCCAAG TTTGAGGTCA ACAACCCACA GGTCCAGCGC CAAGCATTCA 60 
ATGAGCTCAT CCGAGTGGTC CACCAGCTGT TGCCGGAATC CAGC - SEQ ID NO . : 7 104 

GTAAGTACTC ATAACGGTT CAAACTC CAG TTGTTGGGTG TCCAGGTCGC GGTTCGTAAG 5 9 

TTACTCGAGT AGGCTCACCA GGTGGTCGAC AACGGCCTTA GGTCG - SEQ ID No. : 8 104 

5 EXAMPLES 

The above disclosure generally describes the 
present invention. A more complete understanding can 
be obtained by reference to the following specific 
Examples. These Examples are described solely for the 

10 purposes of illustration and are not intended to limit 
the scope of the invention. Changes in form and 
substitution of equivalents are contemplated as 
circumstances may suggest or render expedient. 
Although specific terms have been employed herein, such 

15 terms are intended in a descriptive sense and not for 
the purposes of limitations. 
Example 1 : 

This Example describes a general procedure of RNA 
isolation. 

20 100 mM 2 -mercaptoethanol in TRIzol® reagent was 

prepared. Frozen tissue was homogenized in 1.0 ml 2- 
ME/TRIzol® per 100 mg tissue with Polytron generator 
at setting 6 for 50 seconds and 40 seconds, with a 10 
second rest in between. Washes of generator probe were 

2 5 performed before beginning the procedure and between 

each sample. These consisted of homogenizat ion of 30 mL 
volumes of sterile solutions for 30 seconds at setting 
6 with water, 70% ethanol, and two further washes with 
water. Wiping of the generator probe after the initial 

3 0 and final water wash was performed with a sterile wipe. 

Additionally, a brief pulse of probe while enclosed 
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within a wipe was performed at the end of the washes to 
remove any trapped liquid. After a ten minute 
incubation at room temperature, the homogenized sample 
was transferred to a 1.5 mL tube containing 200 jaL 
5 chloroform and shaken for 10 seconds. Following a 3 
minute incubation at room temperature, the phases were 
separated by centrif ugat ion at 12,000 x g for 15 
minutes at 4°C. 400 uL of the aqueous (upper) phase was 
transferred to a 1.5 mL tube containing 330 uL 

10 isopropyl alcohol and vortexed for 10 seconds. After 10 
minutes incubation at room temperature, the RNA was 
pelleted by centrif ugation as before. After removal of 
the supernatant, the pellet was washed with 1.0 mL 75% 
ethanol . The tube was vortexed for 10 seconds and 

15 centrif uged at 7,500 x g for 5 minutes at 4°C. After 
removal of the supernatant, the RNA pellet was dried 
for 5 minutes at room temperature. The RNA was 
dissolved in DEPC-treated water and quantitated by 
absorbance at 260 nm in a uv spectrophotometer. 

20 Example 2 : 

This Example describes a general procedure single - 
tube RT-PCR. 

cDNA was synthesized from 100 ng of RNA utilizing 
Mn 2 *- dependent reverse transcriptase activity of 

2 5 recombinant DNA polymerase rTth from Thermus 
thermophilus and sequence-specific primers. PCR 
amplification followed in the same tube, also utilizing 
rTth polymerase. Each RT-PCR was performed in a 20 uL- 
final volume, with final concentrations of 50 mM Bicine 

30 115 mM potassium acetate, 8% (w/v) glycerol, 0.3 mM 
dNTPs, 0.4 mM primers, 4 U of rTth polymerase, 8 U 
RNAsin RNAse inhibitor, and 2.5 mM Mn(0Ac) 2 at pH 8.2. 
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Reverse transcription was performed between 55 °C and 
65 °C for 60 minutes, the actual temperature being 
optimized for each gene target. The first denaturation 
was performed at 94 °C for 1 minute and the 
amplification cycles were 94 °C for 15 seconds, 55 °C for 
3 0 seconds, and 70 °C for 3 0 seconds. The cycle number 
for each target was optimized to ensure the increase in 
PCR product was in the exponential growth phase. The 
results of optimization experiments for IL5 (a) , y- 
IFN(b) or IL4 (c) using 25, 30, 35 or 40 cycles are 
shown in Figure 5 . 

The RT-PCR products were allowed to hybridize in 
solution to a 32 P-end-labelled oligonucleotide probe, 
specific for an internal region of the target sequence. 
Hybridized fragments were separated from unbound probe 
using 12.5% poly-acrylamide gel electrophoresis. Dried 
gels were exposed to X-ray film or scanned for 
radioactivity on a p- scanner. 
Example 3 : 

This Example describes a specific quantitation of 
y- interferon expression levels using RT-PCR. 

cDNA was synthesized from 100 ng of RNA utilizing 
Mn 2+ - dependent reverse transcriptase activity of 
recombinant DNA polymerase rTth from Thermus 
thermophilus and sequence-specific primers designed by 
Primer Express® software. PCR amplification followed in 
the same tube in the presence of a TaqMan® probe 
specific for an internal sequence of the target gene, 
also utilizing rTth polymerase. Each RT-PCR was 
performed in a 25 |iL- final volume, with final 
concentrations of 50 mM Bicine, 115 mM potassium 
acetate, 0.01 mM EDTA, 60 nM passive reference 1 (ROX 
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dye), 8% (w/vj glycerol, 0.3 mM dNTPs, 0.1 to 0.4 mM 
primers, 5 U of rTth polymerase, 10 U RNAsin RNAse 
inhibitor, and 1.0 to 5.0 mM Mn(0Ac) 2 at pH 8.2 
according to manufactures instructions in the TaqMan EZ 
5 RT-PCR core reagents (Perkin-Elmer ) . Reverse 
transcription was performed at 60°C for 30 minutes. The 
first denaturation was performed at 95°C for 3 minutes 
and 40 amplification cycles were as follows: 95°C for 
15 seconds, 60°C for 3 0 seconds, and 7 0°C for 3 0 

10 seconds. The RT-PCR products were measured by increases 
in fluorescent signal above a threshold level 
(threshold cycle, or C T ) . C T values vary inversely with 
the amount of nucleic acid in the original sample. 
Regression analysis was performed using the standard 

15 curve of Ct values against log copy number (Figure 4; 
Example 5) , to determine the copy number in each sample 
based on its experimental Ct value. 

Copy number values obtained for mice immunized 
with PBS (#529, 550, 551), live RSV (#549, 509) or 

20 formalin inactivated RSV (#569) are shown in Table I 
below and plotted graphically in Figure 6. 
Example 4 : 

This Example describes the construction of plasmid 
pLITMUS-IFN-y as outlined in Figure 1. 

25 The pLITMUS-IFN-y plasmid was created by digesting 

plasmid pMPI3mIF (obtained from Virogenetics Corp.) 
with the restriction enzymes Hindi 1 1 and EcoRI 
isolating the 624 bp fragment and ligating this 
fragment into the LITMUS-2 8 plasmid (New England 

30 Biolabs, Mississauga, Ontario, Canada) that had also 
been cut with EcoRI and Hindlll . The sequence of 
plasmid pLITMUS - iFN-y is shown in Figure 2. Plasmid 
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pMPI3mIF contained a 498 bp cDNA fragment of the IFN-y 
mRNA. Although cDNA fragment represents less than half 
of the IFN-y mRNA, it includes all of the IFN-y coding 
region. 
5 Example 5 ; 

This Example describes the preparation of Spel 
linearized pLITMUS- IFN-y required for the generation of 
the IFN-y RNA standard in an in vitro transcription 
reaction and the preparation of the IFN-y RNA standard. 
10 20 fig of pLITMUS- IFN-y DNA was cut with Spel in a 

reaction containing 20 mMTris-HCI (pH 7.4), 5 mM MgCl 2 , 
50 mM KCI and 80 units of Spel (Life Technologies, 
Gaithersburg, MD, USA) . The nucleotide sequence of the 
linearized plasmid is shown in Figures 2 (SEQ ID No. 9). 
15 IFN-y RNA was generated from 2 \xg of the 

linearized plasmid in a 50 uL in vitro transcription 
reaction using the following materials: 

40 mM Tris-HCI (pH 8.0) 

8 mM MgCl 2 
20 2 mM spemidine - (HC1) 3 

2 0 mM DTT (dithiothreotol ) 

1 mM ATP (adenosine triphosphate) 

1 mM GTP (guanosine triphosphate) 

1 mM CTP (cytidine triphosphate) 
2 5 1 mM UTP (uridine triphosphate) 

100 units of RNasin® RNase inhibitor (Promega, 

Madison, WI , USA) 

250 units of T7 RNA polymerase (Life Technologies, 
Gaithersburg, MD, USA) . 
30 The reaction was incubated at 37°C for 60 minutes. 

To digest the DNA template, 5 units of DNa.se! was added 
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to the reaction which was then incubated a further 15 
mintues at 3 7°C. The IFN-y RNA standard was then 
purified away from the salt, enzymes, unincorporated 
NTP's and digested DNA fragments by passing the 
5 reaction mix through a CHROMA SPIN™- 3 0 DEPC-H 2 0 columns 
(Clonetech, Palo Alto, CA, USA) according to the 
manufacturer's instructions. 

The IFN-y RNA standard was then quantified by 
measuring its OD at a wavelength of 2 60 nm (1 OD at 260 

10 nm = 40 fig of RNA) . Since the RNA has a length of 738 
bases and each base has a molecular weight (MW) of 340 
daltons, the MW of this RNA standard can be calculated 
(738 X 340 - 250,920 daltons). If the mass of the RNA 
is divided by its MW, the number of moles (e.g. 1 ug of 

15 the RNA standard contains 1 X 10" s g/250,920 daltons = 
3.9853 X 10" 12 moles or 3.9853 pmols) can be determined. 
Since 1 mole of any compound contains 6.022 X 10 23 
molecules, the number of copies of RNA that are in 1 jag 
of the IFN-y RNA standard can be determined (1 fig 

20 contains 3.9853 X 10" 12 moles X 6.02 X 10 23 = 2.3999 X 
10 12 copies of the RNA standard per 1 ug) . The standard 
can then be diluted to give any copy number desired in 
each reaction. The nucleotide sequence of the IFN-y RNA 
standard transcript is shown in Figure 3 (SEQ ID No. 

25 10) . 

Log dilutions of the RNA standard were used to 
prepare a curve of threshold values (Ct) plotted 
against log input copy number and is shown in Figure 4. 
SUMMARY OF THE DISCLOSURE 
30 In summary of this disclosure, the present 

invention provides an accurate method of determining 
the quantity of specific RNA in cells, to permit 
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analysis of rare transcripts, such as cytokines, based 

on a modified RNA isolation procedure, RT-PCR in a 
single enzyme reaction, detection and comparison to a 

RNA standard. Modifications are possible within the 
scope of this invention. 
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TABLE I 



Sample 


Immunization 


Copy # 


+ /-SD 


529 


PBS 


305 .82 


66 . 67 


549 


Live RSV 


15704 . 12 


1575 . 72 


569 


FI RSV 


7328.56 


799.68 


509 


Live RSV 


15399 . 17 


818.21 


550 


PBS 


1873 .54 


328 .59 


551 


PBS 


2732 . 02 


346 . 20 



FI - Formalin inactivated RSV 
PBS - Phosphate buffered saline 
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CLAIMS 

What we claim is: 

1. A method of determining the quantity of a target 
RNA in a tissue sample, which comprises: 

isolating the tissue sample from a host, 

isolating total RNA from the tissue sample, 

subjecting the isolated RNA to a reverse 
transcriptase reaction followed by a DNA polymerase 
amplification reaction using primers corresponding to 
transcribed sequences of the target RNA, 

binding a labelled sequence corresponding to an 
internal transcribed sequence of the target RNA to 
amplified transcribed target RNA, 

determining the amount of labelled sequence bound 
to amplified transcribed target RNA, 

establishing an RNA standard of the number of 
copies of the target RNA, and 

comparing the determined amount of bound labelled 
sequence in the sample to the RNA standard as a measure 
of the number of copies of target RNA in the tissue 
sample . 

2. The method of claim 1 wherein said RNA standard is 
established by: 

synthesizing an RNA molecule corresponding to the 
target RNA, 

quantifying the synthetic RNA molecule, 

effecting serial dilution of said synthetic RNA 
molecule to provide a plurality of samples of known 
starting copy number, 

subjecting the synthetic RNA molecule in each 
sample to a reverse transcriptase reaction followed by 
a DNA polymerase amplification reaction using primers 
corresponding to transcribed sequences of the synthetic 
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RNA molecule and corresponding in sequence to those 
employed during DNA polymerase amplification of the 
transcribed sequence of the target RNA, 

binding a labelled sequence corresponding to an 
internal transcribed sequence of the synthetic RNA 
molecule to amplified transcribed synthetic RNA 
molecule in each sample, said labelled internal 
sequence being the same as that uses to bind to 
amplified transcribed target RNA, 

determining for each sample the quantity of 
labelled sequence bound to amplified transcribed target 
RNA, and 

plotting the individual determination of the 
quantity of labelled sequence in each sample against 
the log of the known starting copy number for each of 
the samples to provide a plot . 

3 . The method of claim 2 wherein said comparison of 
the determined quantity of bound labelled sequence to 
the RNA standard is effected by regression analysis 
using said plot . 

4. The method of claim 3 wherein said binding step is 
effected by hybridizing said labelled sequence to said 
amplified transcribed target RNA following said 
amplification step, and including the step of 
separating bound labelled sequence from unbound 
labelled sequence prior to said determination step. 

5 . The method of claim 4 wherein said label is 
radioactive . 

6. The method of claim 3 wherein said binding step is 
effected by effecting said DNA polymerase amplification 
in the presence of said labelled sequence and said 
determination of the amount of bound labelled sequence 



WO 00/20629 PCT/CA99/00917 

21 

is effected by detecting the generation of a detectable 
label . 

7. The method of claim 6 wherein said detectable 
label is fluorescence. 

8 . The method of claim 1 wherein said reverse 
transcriptase reaction and said DNA polymerase 
amplification reaction are both carried out using a 
single enzyme reaction. 

9. The method of claim 8 wherein said single enzyme 
reaction is effected using Thermus thermophilics enzyme. 

10. The method of claim 1 wherein said target RNA is a 
cytokine . 

11. The method of claim 1 wherein said primers 
correspond to an internal transcribed sequence of the 
target RNA. 

12. A method determining the quantity of a target RNA 
in a tissue sample, which comprises: 

isolating the tissue sample from a host; 

isolating total RNA from the tissue sample; 
5 subjecting the isolated RNA to a reverse transcriptase 
reaction followed by a DNA polymerase amplification 
reaction (PCR) using primers corresponding to 
transcribed sequences of the target RNA; 

binding a labelled sequence corresponding to an 
10 internal sequence complementary to one of the strands 
of the PCR product of the target RNA; and determining 
the amount of labelled sequence bound to amplified 
transcribed target RNA. 

13. A method of quantifying more accurately a carget 
15 RNA in a tissue sample, which comprises: 

isolating the tissue sample from a host; 
isolating total RNA from the tissue sample; 
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subjecting the total RNA to a reverse 
transcriptase reaction followed by a DNA polymerase 
amplification reaction using primers corresponding to 
transcribed sequences of the target RNA; 

binding a labelled sequence corresponding to an 
internal sequence of the amplified product; and 
determining the amount of bound labelled sequence by 
the generation of a detectable label . 

14 . The method of claim 13 wherein the detectable 
label is a fluorescent tag. 
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FIG.2A 3/8 

Sequence of pLITMJS-IEM-7 

GTTAACTACG TCAGGTGGCA CTTITCGGGG AAATGTGCGC GGAACGCCTA TTIGTTTATT 
TnUTAAATA CATTCAAATA TGTATCCGCT CATGAGACAA TAACCCTGAT AAATCCFICA 
ATAATATTCA AAAAGGAAGA GTATGAGTAT TCAACATTTC CGTGTCGCCC TTATIXXCTT 
TTTIGCGGCA TTTTGCCTTC CTGiTlTlGC TCACCCAGAA ACGCTGGTGA AAGTAAAAGA 
TCOGAAGAT CAGTTGGGTC CACGAGIGGG TTACATCGAA CTGGATCTCA ACAGCGGTAA 
GATCCTIGAG AGTITIGGCC CCGAAGAACG TIUICCAATG ATGAGCACTT TTAAAGTTCT 
GCTATGTGGC GCGGTATTAT CCCGIUITGA CGCCGGGCAA GAGCAACTCG GTCGCCGCAT 
ACACTATIUT CAGAATGACT TGGTTGAGTA CTCACCAGIC ACAGAAAAGC ATCTTACGGA 
TCGCATCACA GTAAGAGAAT TATGCAGIGC TGCCATAACC ATGAGTSATA ACACIGCGGC 
CAACTTACTT CIGACAACGA TCGGAGGACC GAAGGAGCTA ACGGCTTTTT TGCACAACAT 
GGGGGATCAT GTAACICGCC TTGATCGTIG GGAACCGGAG CTGAATGAAG CCATACCAAA 
CGACGAGCGT GACACCACGA TGCCTGTAGC MTGGCAACA ACGTTGCGCA AACTATTAAC 
TGGCGAACTA CTTACTCTAG CTTCCCGGCA AGAATTAATA GACTGGATGG AGGCGGATAA 
AGTTGCAGGA CCACTIUIGC GCTCGGCCCT TCGGGCTGGC TGGTTTATTG CTGATAAATC 
TGGAGCCGGT GAGCGTCGGT CTGGCGGTAT CATTGCAGCA CTGGGGCCAG ATGGTAAGCC 
CICCCGTATC GTAGTTATCT ACACGACGGG GAGTCAGGCA ACTATGGATG AACGAAATAG 
ACAGATCGCT GAGATAGGTG CCTCACTGAT TAAGCATTGG TAACTGTCAG ACCAAGTTTA 
CTCATATATA CTTTAGATTG ATTIACCCCG GTTGATAATC AGAAAAGCCC CAAAAACAGG 
AAGATTGTAT AAGCAAATAT TTAAATIGTA AACGTTAATA TITIGTTAAA ATICGCGTTA 
AATnTIGTT AAATCAGCIC ATTTTITAAC CAATAGGCOG AAATCGGCAA AAICCCITAT 
AAATCAAAAG AATAGCCCGA GATAQ3GTTG AGTGTTGTTC CAGTTIGGAA CAAGAGTCCA 
CTATTAAAGA ACGTGGACTC CAACGTCAAA GGGCGAAAAA CCGTCTATCA GGGCGATGGC 
CCACTAGGTG AACCATCACC CAAATCAAGT THTIGGGGT CGAGGTGCCG TAAAGCACTA 
AATCGGAACC CTAAAGGGAG CCCCCGATTT AGAGCTIGAC GGGGAAAGCG AACGT3GCGA 
GAAAGGAAGG GAAGAAAGGG AAAGGAGCGG GCGCTAGGGC GCTGGCAAGT GTAGCGGTCA 
CGCTCCGCGT AACCACCACA CCCGCGGCGC TTAATGCGCC GCTACAGGGC GCGTAAAAGG 
ATCTAGGTGA AGAICCTnT TGATAATGTC ATGACCAAAA TCCCTTAACG TGAGTTHCG 
TTCCACTGAG CGTCAGACCC CGTAGAAAAG ATCAAAGGAT CTICTTGAGA TCCTTTTTTT 
CTGCGCGTAA TCTGCTGCTT GCAAACAAAA AAACCACCGC TACCAGCGGT GUiTlUlTlG 
CCGGAICAAG AGCTACCAAC TCTTTTTCCG AAGGTAACIG GCTTCAGCAG AGCGCAGATA 
CCAAATACTG TTCTTCTAGT GTAGCCGTAG TTAGGCCACC ACTICAAGAA CTCTGTAGCA 
CCGCCTACAT ACCTCGCTCT GCTAATCCTG TTACCAGTGG CTGCTGCCAG TGGCGATAAG 
TCGIUICTTA CGGGGTIGGA CTCAAGACGA TAGTTACCGG ATAAGGCGCA GCGCTCGGGC 
TGAACGGGGG GTTCGTGCAC ACAGCCCAGC TIGGAGCGAA CGACCTACAC CGAACIGAGA 
TACCTACAGC GTGAGCTATG AGAAAGCGCC ACGCTICCCG AAGGGAGAAA GGGGGACAGG 
TATCCGGTAA GCGGCAGGGT CGGAACAGGA GAGCGCACGA GGGAGCTICC AGGGGGAAAC 
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GCCTGGTATC TTTATAGTCC TGTCGGGTTT CGCCACCTCT GACTTGAGCG TCGATTTTTG 
TGATGCTCGT CAGGGGGGCG GAGCCTATGG AAAAACGCCA GCAACGCGGC CTrlTiACGG 
TTCCTGGCCT TTIGCIGGCC TTTIGCTCAC ATGTAATGTG AGTTAGCTCA CTGATTAGGC 
ACCGCAGGCT TTACACTrTA TGCTTCCGGC TCGTATGTTC 7GTCGAATIG TGAGCGGATA 
ACMTTTCAC ACAGGAAACA GCTATGACCA TGATTACGCC AAGCTACGTA ATACGACTCA 
CTAGTGGGCA GATCTTCGAA TGCATCGCGC GCACGGTACG TCTCGAGGM TTCCCGGGGA 
TCCCTGCAGT TATTGGGACA ATCTCTICCC CACCCCGAAT CAGCAGCGAC TCCTTTTCCG 
CnCCIGAGG CIGGATTCCG GCAACAGCTG GTGGACCACT CGGATGAGCT CATTGAATGC 
TTGGCGCTGG ACCTCTCGGT TGTIGACCTC AAACTTGGCA ATACTCATGA ATGCATCCTT 
TTTCGCCTTG CIGTTGCTGA AGAAGGTAGT AATCAGGTGT GATTCAATGA CGCTTA1GTT 
GTIGCTGATG GCCIGATTGT CTTICAAGAC TTGAAAGAGT CTGAGGTAGA AAGAGATAAT 
CTGGCTCTGC AGGATTTTCA TGTCACCATC CTTTIGCCAG TIGCICCAGA TATCCAAGAA 
GAGACTCTTT TCTICCACAT CTATGCCACT TGAGTTAAAA TAGTTATTCA GACTITCTAG 
GCTTTCAATG ACTGTGCCGT GGCAGTAACA GCCAGAAACA GCCATGAGGA AGAGCTGCM 
AGCCMGATG CAGTGTGTAG CGTTCATGAT TAGATTMCC TAAATAATTG TACTTTGTM 
TATAATGATA TATATTTTCA CTTTATCTCA TTTGAGAATA AAAATGTTTT TGTITAACCA 
CTGCATGATG TAAGCTTCCC ATGGTGACGT C^CCGGTTCT AGATACCTAG GTGAGCTCTG 
GTACCCTCTA GTCAAGGCCT TAAGTCAGTC GTATTACGGA CTGGCCGTGG TTITACAACG 
TCGTGACTGG GAAAACCCTG GCGTTACCCA ACTTAATCGC CTTGCAGCAC ATCCCCCTTT 
CGCCAGCTUG CGTAATAGCG AAGAGGCCCG CACCGATCGC CCTTCCCAAC AGTIGCGCAG 
CCTGAATGGC GMTGGCGCT TCGCTIGGTA ATAAAGCCCG CTTCGGCGGG CiTiTiTiT 

Utilized T7 promoter 3199 - 3216 

Transciption start site 3198 

IEN-( specific sequence 2530 - 3027 

Transcript sequence 2464 - 3198 

Spel site used for linearization 2461 
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Sequence of the IEN-y RNA Standard 
1 GCCUUGACUA GAGGGUACCA GAGCUCACCU AGGUAUCUAG AACGGGUGAC 50 
51 GUCACCAUGG GAAGCUUACA UCAUGCAGOG GUUAAACAAA AACAUUUUUA 100 
101 UUCUCAMUG AGAUAAAGUG AAAAUAUAUA UCAUUAUAUU ACAAAGUACA 150 
151 AUUAUUOAGG UUAAUCUAAU CAUGAACGCU ACACACUGCA UCUUGGCUUU 200 
201 GCAGCUCUUC CUCAUGGCUG UUUCUGGCUG UUACUGGCAC GGCACAGUCA 250 
251 UUGAAAGCCU AGAAAGUCUG AAUAACUAUU UUAACUCMG UGGCAUAGAU 300 
301 GUGGAAGAAA AGAGUCUCUU CUUGGAUAUC UGGAGGMCU GGCAAMGGA 350 
351 UGGDGACADG AAAAUCCUX AGAGCCAGAU UAUCUCUUUC UACCUCAGAC 400 
401 UCUUUGAAGU CUUGAAAGAC AAUCAGGCCA UCAGCAACM CAUAAGCGUC 450 
451 AUUGMUCAC ACCUGAUUAC UACCUUCUUC AGCMCAGCA AGGGGAAAAA 500 
501 GGAUGCAUUC AUGAGUAUUG GCAAGUUDGA GGUCAACAAC CCACAGGUCC 550 
551 AGCGCCAAGC AUUCAAUGAG CUCAUCCGAG UGGUCCACCA GCUGUUGCGG 600 
601 GAAUCCAGCC UCAGGAAGCG GAAAAGGAGU CGCUGCUGAU UCGGGGUGGG 650 
651 GAAGAGAUUG UCCCAAUAAG UGCAGGGAUC CCCGGGAAUU CCUCGAGACG 700 
701 UACGGUGCGC GCGAUGCAUU CGAAGAUCUG CCCACUAG 738 



IFN-y specific sequence 172 - 669 
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RT-PCR Cycle Optimization for Liauid Hybridization 
PCR Cycle Optimization for IL5 Amplification 
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Quantitation of RNA 
y-IFN message in Mouse Lung Total RNA 
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